Background-Pneumocystis carinii is an important pathogen in immunodeficiency but may be an unrecognised cause of respiratory compromise. Objectives-To ascertain the incidence of P carinii pneumonia (PCP) at presentation of severe combined immunodeficiency (SCID), whether it had been diagnosed, and the eVect of treatment on outcome. Setting-The supraregional paediatric bone marrow transplant unit for primary immunodeficiencies at Newcastle General Hospital. Methods-Retrospective case note review of infants referred with a diagnosis of SCID from 1992 to 1998. Results-Ten of 50 infants had PCP at presentation; only one was diagnosed before transfer. Eight were diagnosed by bronchoalveolar lavage and two by lung biopsy. In only one was P carinii identified in nasopharyngeal secretions. Five required ventilation for respiratory failure but all were successfully treated with co-trimoxazole and methylprednisolone with or without nebulised budesonide. Nine survived to bone marrow transplantation and four are long term survivors after bone marrow transplantation; no deaths were related to PCP. Conclusions-PCP is a common presenting feature of SCID but is rarely recognised. Bronchoalveolar lavage or lung biopsy are needed for diagnosis. Treatment with co-trimoxazole is highly successful.
Pneumocystis carinii is an important opportunistic pathogen in patients with poor T lymphocyte function as a result of either primary or secondary immunodeficiency. 1 The association of unsuspected P carinii pneumonia (PCP) with HIV infection has been highlighted. 2 Here, we would like to highlight the importance of PCP as the presenting manifestation of a severe combined primary immune defect in infants born into populations not at high risk of HIV infection.
Methods
A retrospective case note study was undertaken of 50 infants with severe combined immunodeficiency disease (SCID), referred as emergencies for confirmation of their diagnosis and subsequent management, between 1992 and 1998. Depending on respiratory symptoms and signs, microbiological investigation included nasopharyngeal secretions (obtained by standardised nasal wash) and bronchoalveolar lavage fluid sent for bacterial, fungal, and mycobacterial microscopy and culture, and screening for cytomegalovirus early antigen and respiratory syncytial virus, influenza A and B viruses, adenovirus, parainfluenza viruses 1, 2, 3, and 4, and herpes simplex virus by direct immunofluorescence and/or cell culture. P carinii was detected by immunofluorescence using a monoclonal antibody. The bronchoalveolar lavage was performed in all infants with respiratory symptoms using a standardised procedure at the time of ventilation in infants whose respiratory function dictated this, or at the time of intubation for anaesthesia at surgical central venous cannulation, after informed consent. Open lung biopsy was performed when a respiratory pathogen was not detected in bronchoalveolar lavage fluid despite strong clinical suspicion.
Case notes of infants in whom P carinii was detected were reviewed in detail, and the following were ascertained: age at presentation to Newcastle General Hospital, ethnic group, parental consanguinity, family history of SCID or unexplained infant death, duration and nature of respiratory symptoms, results of respiratory investigations before transfer, treatment before transfer, clinical status at transfer, results of investigations after transfer, treatment given, underlying diagnosis, and outcome.
Representative case histories
CASE A A 10 month old white infant (patient 6 in table 1) born to unrelated parents with no family history suggestive of immunodeficiency was admitted to his local hospital with a 10 day history of cough and respiratory distress, requiring supplementary oxygen. Interstitial pneumonitis was present on chest radiography but no pathogens were isolated from nasopharyngeal secretions. Treatment was commenced with cefotaxime and azithromycin. A history of recurrent oral and perianal thrush and a buttock abscess prompted investigation of his immune system, which disclosed an absence of T lymphocytes. He was thus prescribed prophylactic co-trimoxazole at a dose of 120 mg three times each week and referred for transfer. By transfer 10 days after initial admission, his respiratory status had deteriorated such that he needed 70% oxygen administered through a head box. After transfer he deteriorated further and required ventilation. P carinii was identified in bronchoalveolar lavage fluid; no other pathogens were identified. He was treated with co-trimoxazole at a dosage of 120 mg/kg a day for 14 days. He also received methylprednisolone 2 mg/kg a day until extubation 10 days later when nebulised budesonide was added. Maximum ventilatory pressures were 18/7 cm H 2 O and maximum fractional inspired oxygen was 0.95. He required supplementary oxygen for a further nine days after extubation. The underlying diagnosis was T − B + SCID. After cytoreductive conditioning, bone marrow transplantation was undertaken with paternal T cell depleted marrow, and two years later he remains fit and well.
CASE B
A 5 month old Asian infant (patient 7 in table 1) presented to his local hospital with a three week history of cough and fever. His parents were first cousins but there was no family history suggestive of an immunodeficiency. His admission chest radiograph showed patchy infiltrates; no organisms were isolated from his nasopharyngeal secretions. He was treated with cefuroxime, flucloxacillin, and antituberculous therapy. Seven days after initial presentation he was transferred to his regional teaching hospital with deteriorating respiratory function. A repeat chest radiograph showed interstitial pneumonitis. He required ventilation three days later, and bronchoalveolar lavage was performed but no pathogens isolated. Peripheral blood lymphocyte marker analysis disclosed the absence of DR+ve cells, and hence empirical treatment with co-trimoxazole and methylprednisolone was commenced before transfer. At transfer he was ventilated with pressures of 28/10 cm H 2 O with fractional inspired oxygen of 0.6. Repeat investigation of nasopharyngeal secretion and bronchoalveolar lavage fluid failed to identify an organism, and lung biopsy was performed, showing P carinii. He received 21 days of co-trimoxazole at 120 mg/kg a day and 10 days of methylprednisolone at 2 mg/kg a day, weaning over the subsequent two weeks. Nebulised budesonide was also given. He was extubated 17 days after transfer and managed in room air 10 days later. His underlying diagnosis was MHC class II deficiency, and unfortunately he succumbed to human herpes virus 6 hepatitis before bone marrow transplantation could take place.
Results
PCP occurred in 10 of the 50 infants reviewed; five were white and five Asian.
Four of the Asian children were born into consanguineous first cousin marriages, and two families had histories of unexplained infant deaths. The infants' ages ranged from 4.5 months to 1 year at presentation (median 6.5 months). All had previously been seen in other hospitals, with failure to thrive, chronic diarrhoea, recurrent thrush, or pulmonary symptoms. The underlying diagnoses were T − B + SCID (three), MHC class II deficiency (two), Omenn's syndrome (two), T − B − SCID (two), and T cell activation defect (one). In all infants, cough, recession, and tachypnoea were present and in part prompted the decision to investigate for an underlying immunodeficiency. However, the nature of the respiratory compromise varied greatly, as did the degree of support needed.
In only one infant had the diagnosis of PCP been confirmed before transfer. He was treated with 14 days of co-trimoxazole at 120 mg/kg a day followed by 120 mg three times a week until a recurrence of his symptoms prompted a change to pentamidine. In eight infants, the diagnosis was made on bronchoalveolar lavage performed the day after transfer; one of these infants also had a positive nasopharyngeal secretion at Newcastle General Hospital. The remaining infant required lung biopsy for positive identification of P carinii, after bronchoalveolar lavage failed to show any pathogens on two occasions. Those who were undiagnosed before transfer had received no specific treatment for PCP (three), prophylactic cotrimoxazole (three), or empirical high dose co-trimoxazole (three). In four infants coexistent viral respiratory pathogens were isolated, and in two others bacterial pathogens were also found (table 1) . The infants in whom P carinii was detected after transfer were treated with co-trimoxazole at 120 mg/kg a day for 14 (three), 21 (four), or 28 (two) days, dependent on the speed of resolution of signs and symptoms. All infants received intravenous or oral steroids, initially at 2 mg/kg a day for a minimum of nine days. Infants with continuing respiratory diYculty and coexistent viral pathogens often remained on steroid treatment throughout the transplant period. In addition, nebulised budesonide at a dose of 2 mg four times a day was used in nine infants. One infant was particularly diYcult to treat and received two doses of surfactant as well as the addition of primaquine and clindamycin for 14 days as second line treatment for P carinii (patient 3 in table 1).
All infants with PCP were successfully treated. The four infants ventilated after transfer were all successfully extubated (median duration of ventilation after transfer 13.5 (range 6-24) days), and all were eventually managed in room air (median duration of oxygen dependency 14.5 (range 0-35) days). One infant died from human herpes virus 6 hepatitis before bone marrow transplantation but the other nine survived to bone marrow transplantation. Four infants were cured by bone marrow transplantation, and at long term follow up (23 to 72 months) are alive and well with no continuing respiratory problems and good immune function. Five patients died after bone marrow transplantation, while still inpatients, from causes unrelated to P carinii (parainfluenza virus pneumonitis (three) and Gram negative sepsis (two)).
Discussion
Ten of a cohort of 50 infants with SCID had P carinii infection at diagnosis. This is in keeping with previous findings of P carinii in 19 of 117 infants with SCID. 3 About 30 infants a year are born in the United Kingdom with SCID, of whom six can therefore be expected to be infected with P carinii and be symptomatic. They are likely to present with respiratory difficulty associated with other features suggesting an immune defect. Many paediatricians will consider possible underlying HIV infection and then investigate for opportunistic pathogens such as P carinii. However, outside London only 122 cases of mother to infant transmission of HIV have been recognised to date, 4 about seven cases a year in the whole of the rest of the United Kingdom. Of these infants, four can be expected to develop P carinii infection in their first year of life. 5 Most of these cases of vertically transmitted infection will come from identifiable at risk groups such as intravenous drug abusers or sub-Saharan African mothers. Outside London and these high risk groups, an infant with PCP is therefore more likely to have a primary immune defect and should be urgently investigated for this. This is particularly true for infants born to related parents, for whom there is a higher risk of an autosomal recessive primary immune defect.
In all of the cases studied here, respiratory signs were present and a primary immune defect was strongly suspected before transfer, but in only one infant had the respiratory pathogen been detected. Routine respiratory specimens are not processed for P carinii, and hence the two diagnostic steps of likely immunodeficiency and possible P carinii must be made together and specific immunofluorescence testing requested. Suitable specimens must also be sent. In adult HIV patients, P carinii was detected in induced sputum in 90% of those ultimately shown to have PCP. 6 Children, however, swallow most of their sputum, and nasopharyngeal secretions may not contain material from the lower respiratory tract. In this series nasopharyngeal secretion was positive in only one of 10 cases of confirmed PCP. Bronchoalveolar lavage should therefore be performed in all such infants with respiratory distress and certainly if ventilation is required. Progression to open lung biopsy should be seriously considered in the presence of respiratory distress without an identified pathogen after the above measures. 7 The identification of one pathogen from the respiratory tract should not deter investigation for a co-pathogen, which was found in six of the 10 infants in our series. This high proportion of co-pathogens has previously been reported in HIV positive children with P carinii or cytomegalovirus pneumonia, in whom 11 of 19 had co-pathogens. 8 Only after identification of all pathogens can appropriate management decisions be made.
In infants with a primary immune defect, chest radiograph changes (especially of bilateral diVuse infiltrates), and respiratory distress in whom no specific pathogen can be detected despite full investigation, empirical treatment with co-trimoxazole at 120 mg/kg a day should be given. One infant in this series had progressive respiratory failure due to PCP despite prophylactic dose co-trimoxazole, illustrating that, in established PCP, a dose of 120 mg/kg a day is required to halt progression and reverse respiratory compromise.
In all 10 infants, treatment of the P carinii infection was successful, including five who were ventilated, which compares favourably with previous studies in which mortality from P carinii was 100% if the infants were ventilated. 9 Four of 10 infants with P carinii infection and an underlying diagnosis of SCID were eventually cured by bone marrow transplantation. In a multicentre European study 10 including patients from our centre, the overall success rate for bone marrow transplantation in SCID was 70%, but only 30% for those with respiratory disease at presentation (the overall figure includes those diagnosed at birth who have an excellent prognosis as there is no pre-existing infection). All the deaths in this series were unrelated to P carinii infection, and nearly half the infants were cured by bone marrow transplantation and lead normal lives with full immune function. Infants with SCID should be referred for bone marrow transplantation as soon as possible, highlighting the well documented but only recently acknowledged fact that SCID is a paediatric emergency. 11 
CONCLUSION
PCP is a common but often unrecognised presenting feature of severe T cell immune defects and should be sought intensively in the presence of respiratory distress in this population. Conversely, interstitial lung infiltrates not responding to antibiotics active against intracellular pathogens, in particular if associated with other features of immunodeficiency such as diarrhoea, thrush, and failure to thrive, should prompt the performance of a bronchoalveolar lavage and investigation for a primary immune defect and HIV infection. Once detected, PCP should be aggressively treated; resolution of symptoms and ventilator or oxygen dependency can be expected. Severe P carinii infection alone in a child with SCID does not lessen the chances of successful bone marrow transplantation which can lead to normal life and full immunity.
